Introduction: Our study is a part of a trend of studies on the antioxidative properties of Chelidonium majus extracts or their fractions suggesting that antioxidant activities may depend on total flavonoid and/or alkaloid contents. Objective: This study focused on the examination of antioxidative activities of full water extract, non-protein fraction and protein fraction of the extract from aerial parts of mature plants and young seedlings. Methods: Total flavonoid and alkaloid contents were evaluated by spectrometric methods. Quantitative determination of chelidonine, coptisine, sanquinarine, berberine was made by HPLC-UV. The antioxidative activities were evaluated using (1) 2,2-diphenyl-1-picrylhydrazyl (DPPH), (2) 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical scavenging and (3) ferric reducing antioxidant power (FRAP) methods. Results: All concentrations of herb extracts exhibited higher antioxidant capacities than extract from seedlings. Two antioxidant tests (DPPH, FRAP) showed that full water extract from herb had the highest antioxidant activity, while its non-protein fraction and protein fraction showed lower antioxidant activity. It was found that the full water extract from herb contained the highest concentrations of flavonoids and alkaloids when compared with other samples. Conclusion: Our findings suggest that chelidonine and coptisine especially could be responsible for the observed changes in the extract antioxidant activity, because these alkaloids were determined in the highest concentration in full water extract from herb. It cannot be also excluded that the observed variables values between extracts and their fractions from herb or from seedlings may also be the result of interactions between flavonoids and other chemical compounds.
F3H -non-protein fraction of extract from herb F1S -full water extract from seedlings F2S -protein fraction of extract from seedlings F3S -non-protein fractions of extract from seedlings
INTRODuCTION
Chelidonium majus L. (CM, greater celandine) belongs to Papaveraceae and it is widespread throughout the world, including Europe, Asia, Northwest Africa and North America [1] . The aerial part of this plant contains isoquinoline alkaloids, such as chelidonine, chelerythrine, sanguinarine, berberine, coptisine, and stylopine (more than 30 alkaloids) [2] [3] [4] [5] . Moreover, the presence of flavonoids, saponins, organic acids, vitamins, carotenoids, tyramine and several hydroxycinnamic acid derivatives including caffeoylmalic, chelidonic, malic and citric acids has been also reported [1] . Aerial parts of CM (Chelidonii herba) are used for the symptomatic treatment of mild to moderate spasms of the upper gastrointestinal tract, minor gallbladder disorders, and dyspeptic complaints such as bloating and flatulence [1] . Moreover, CM is traditionally used in the treatment of skin diseases such as eczema, ringworm, oral infection, pains, and nervous disorders [1, 2, 6] . It has been shown that CM showed an anti-inflammatory, antimicrobial, antiviral, antitumor, analgesic, and antihepatotoxic activities [1, 7] . Recently, it was shown that extracts from CM produced centrally mediated (morphine-like) analgesic action and exerted the anti-inflammatory potential [5] .
Oxidative stress can lead to chronic inflammation, which in turn could mediate other chronic diseases including cancer, diabetes, cardiovascular and pulmonary diseases [8] , as well as neuropathic pain [9] . Moreover, oxidative stress has been implicated in the pathophysiology of numerous neuropsychiatric disorders such as unipolar affective disorder, schizophrenia [10] , and neurodegenerative processes leading to Alzheimer's and Parkinson's diseases [11] .
It is known that during chronic inflammation, free radicals are formed in excess and cannot be effectively eliminated from the organism [12, 13] . Moreover, not only cytokines but also reactive oxygen species have been implicated in the cascade of events resulting in inflammatory pain [14] which gives an antioxidant activity a fundamental role in cellular protection during an inflammation process [15] .
From naturally occurring compounds the phenolics and flavonoids have been reported to be the most important chemical compounds responsible for the antioxidant capacity [16] . Furthermore, several studies showed that alkaloids also exerted antioxidant properties [17] [18] [19] . Up to date there is a little information about antioxidant activities of extracts from CM. In a previous study, Duda-Chodak et al. [20] showed that water extract of CM (infusum) presented a low antioxidant activity in comparison to other 14 plant extracts. Therefore, evaluation of antioxidant
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Aims
The objectives of this study were as follows: (1) to evaluate and compare the antioxidant capacity by three common methods, presented as DPPH, ABTS and FRAP, of extracts of Ch. majus such as full water extract, non-protein fraction and protein fraction from of aerial parts of mature plants (herb) and young seedlings, (2) quantitative estimation of chosen alkaloids by HPLC and total flavonoid (expressed as quercetine) and total alkaloid (expressed as chelidonine) contents by spectrophotometric methods. All chemical compounds were analyzed in dry extracts from Ch. majus.
MATERIAL AND METhODS

Plant material
Plant material of Chelidonium majus 'Cynober', were collected from a controlled cultivation at the Institute of Natural Fibres and Medicinal Plants in Poznan, Poland. The field cultivation was established in spring by sowing seeds directly into ground. The herb was harvested during the beginning of flowering.
The cultivation of seedlings in pots was carried out using seeds obtained from the ground cultivation (Ch. majus 'Cynober'). Seedlings were collected after 14 days. The raw material was dried at 55-60 o C.
Phytochemical study
Preparation of full water extract (F1h), protein (F2h) and non-protein (F3h) fractions of full water extract from herb A sample of plant material (10 kg of dry herb) was put in cotton bag, which was in turn, fed into the extractor vessel along with demineralized water (45 l). Solvent was pumped from the bottom of the vessel (solvent volumetric flow rate was equal 25 l/min) and was distributed by spray nozzles over the surface of the cotton bag. The material was left in contact with the solvent until equilibrium of the active principle was achieved (1.5 h). Temperature was kept constant at 90°C. After the desired time, the solvent extract was taken out from the bottom discharge valve of the extractor. Pure solvent (45 l) was added into the vessel and the extract was drained out after acquiring equilibrium (1.5 h). Overall, the plant material was washed two times until it got exhausted. All washes from the extractor were pooled and fed into a evaporator unit where it was concentrated under vacuum to 1/3 volume. This extract from herb was marked as F1H (full water extract) and has been divided into two parts. One part of the F1H was further cooled down to 4 o C in a double-jacketed vessel with chilled water circulating between inner and outer walls.
Next, the FT-29 Armfield solid-liquid pilot-plant extraction equipment (UK) was used for extraction of proteins from herb. It consist of an extractor vessel with perforated bottom (stainless steel sieve) for holding the material to be extracted, a gear pump for pumping the solvent, vacuum evaporator unit and a storage vessel.
The proteins were precipitated from the second part of the F1H by adding four volumes of ice-cold acetone (-20°C, 30 min). The supernatant (non-protein fraction) was decanted and the precipitate was rinsed with cold acetone and centrifuged (4500 g, 4°C, 20 min). Acetone was discarded, and pellet was suspended in distilled water. Before freeze drying process, the protein fraction was put to compaction using a rotary vacuum evaporator (Laborota, Heidolph, Germany) to remove residual acetone. The fraction was frozen at -50°C and freeze-dried in a Freeze Dryer Beta 1-16 (Christ, Germany) over a period of 36 h. Protein fraction from extract of herb was marked as F2H. To produce non-protein fraction from herb, the supernatant containing acetone was concentrated on the rotary vacuum evaporator and freeze-dried as above. Non-protein fraction from extract of herb was marked as F3H. In summary, the full water extract (F1H), protein fraction (F2H) and non-protein fraction (F3H) were lyophilized at -50°C and those dry samples (extracts) were used to determine the bioactive compounds.
Preparation of full water extract (F1S), protein (F2S) and non-protein (F3S) fractions of full water extract from seedlings
Small-scale solid-liquid extraction system equipped with double wall, stainless steel vessel (4 l), stainless steel sieve, vapor condenser and gear pump was loaded with ca. 200 g of dry seedlings. Extraction was conducted under the same conditions as described above (water as a solvent, and solvent/raw material ratio of 10:1). The full water extract, protein as well as non-protein fractions of extract from seedlings were marked as F1S, F2S and F3S, respectively.
Determination of total flavonoid content expressed as quercetine
Total flavonoids were analyzed according with European Pharmacopoeia 6 (monography of birch leaf) [21] . Sample: 0.5-1.0 g of dry full water extract or its fraction was weighted, extracted with acetone under reflux condenser. Next, acetone fraction was extracted with ethyl acetate. Combined ethyl acetate fractions were reacted with aluminium chloride reagent and an absorbance was measured. The absorbance was measured by comparison with the compensation liquid at λ=425 nm.
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Determination of total alkaloid content expressed as chelidonine
Total alkaloids were analyzed according with European Pharmacopea 6 (monography of greater celandine) [21] . Sample preparation was as follows: 0.75 g of dry full water extract or its fraction was weighted, extracted with 12% acetic acid. The sample was shaken with ammonium and methylene chloride. An organic fraction was evaporated to dryness. The residue was dissolved in 96% ethanol, next it was transferred quantitatively and dissolved with sulphuric acid. The sample was reacted with chromotropic acid sodium salt solution in sulphuric acid (10 g/l). The absorbance was measured at λ=570 nm by comparison with the compensation liquid.
Determination of alkaloids by hPLC
An identification method of alkaloids by liquid chromatography was based on isolation alkaloids method from European Pharmacopoeia 6 (monography of greater celandine) [21] . Sample: 0.5-1.0 g of dry full water extract or its fraction was weighted, extracted with 12% acetic acid. The sample was shaken with ammonium and methylene chloride. An organic fraction was evaporated to dryness. The residue was dissolved in methanol and analyzed by liquid chromatography. HPLC-DAD analysis was performed on a Agilent 1100. Separation of methanolic sample was prepared on ZORBAX Poroshell 120 SB-C18 (Agilent) 3×100 nm (2.7 µm). Column temperature was 40°C. The volume of injection was 50 µl. A gradient mixture of phase A: 30 mM ammonium formate (pH=2.8) and phase B: acetonitrile: methanol 14.7:18.0 (v:v) were used as eluent, starting from 20% phase B to 60% phase B in 16 min. The flow-rate was 0.50 ml/min. Peaks were identified by the addition of standard solutions and by UV-VIS spectra.
Quantitative determination for coptisine and chelidonine were performed at λ=240 nm, for sanguinarine and chelerythrine -λ=280 nm and for berberine -λ=345 nm by an external standard method. Standard solutions were prepared in methanol [5] .
ANTIOXIDANT ASSAyS Scavenging ability measured by the DPPh radical assay
The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity of the extract was measured according to the modified method of Brand-Williams et al. [22] . 0.5 g of dry full water extracts or their fractions were dissolved in 40% ethanol v/v (50 ml) (basal solutions). Next, 0.5, 1.0, 2.0, 2.5 ml of basal solutions were placed in volumetric flasks (10 ml) and dissolved in 40% ethanol v/v to 10 ml, next 0.1 ml of previously prepared dilutions of the extracts was mixed with 3.9 ml of 6×10 -5 M/l ethanolic solution of the DPPH radical. After 30 min of incubation at room temperature (in a dark place), a decrease in the absorbance at λ=515 nm was measured using a spectrophotometer (UV-VIS, Cintra 20, GBC Scientific Equipment Pty Ltd, Australia). The scavenging capacity of the extracts was compared with that of trolox (y=0.50981+219.29 x, r=0.999) and expressed as the trolox equivalent antioxidant capacity (TEAC). All determinations were performed in triplicate.
Scavenging ability measured by stable ABTS radical cation
Free radical scavenging activity of the plant extract was determined according to the modified method of Re et al. [23] . The ABTS + solution (5.5 ml) was diluted with ethanol (42 ml) to an absorbance at λ=734 nm (A 0 ). 0.5 g of dry full water extracts or their fractions were dissolved in 40% ethanol v/v (50 ml) (basal solutions). Next, 0.25, 1.0, 1.25, 1.5, 1.75 ml of basal solutions were placed in volumetric flasks (10 ml) and dissolved in 40% ethanol v/v to 10 ml, next 30 µl of previously prepared dilutions of the extracts was mixed with 3.0 ml of the diluted ABTS + solution. After exactly 6 min (At) absorbance was measured at λ=734 nm.
The scavenging capacity of the extracts was compared with that of trolox (y = -0.3021+6.2506 x, r=0.996) and expressed as the trolox equivalent antioxidant capacity (TEAC). All determinations were performed in triplicate.
Ferric reducing/antioxidant power assay (FRAP)
The total antioxidant potential of the extract was determined according to Benzie and Strain [24] with some modification, using the ferric reducing ability of plasma FRAP assay. 0.5 g of dry full water extracts or their fractions were dissolved in 40% ethanol v/v (50 ml) (basal solutions). Next, 0.125, 0.25, 0.50, 0.75, 1.00 ml of basal solutions were placed in volumetric flasks (10 ml) and dissolved in 40% ethanol v/v to 10 ml, next 3.00 ml of previously prepared dilutions of the extracts was mixed with 3.0 ml of freshly prepared FRAP reagent and 0.3 ml of water, and it was allowed to react for 4 min in a water bath (37˚C). Using this method, we measured the changes in the absorbance at λ=593 nm after decolorization of blue colored product (Fe 2+ -tripyridyltriazine complex) as a result of the activity of extracts. The results were corrected for dilution and expressed in µM Fe 2+ /l, and compared with that of trolox (y= -19.41+2.0973 x) and expressed as the trolox equivalent antioxidant capacity (TEAC). FRAP values were calculated on the basis of the calibration curve for 
Statistical analysis
All values were expressed as means ± SEM. The statistical comparison of results was carried out using one-way analysis of variance (ANOVA) followed by Tuckey's post-hoc test for detailed data analysis. The level of statistical significance was set at p<0.05.
Ethical approval: The conducted research is not related to either human or animal use.
RESuLTS AND DISCuSSION
Phytochemical analysis
The highest concentrations of these group of chemical compounds (total flavonoid content calculated as quercetin) were determined as follows: F1H > F2H > F3H > F1S > F2S (tab. 1). One-way ANOVA (F(4,10) = 67. 
Data are expressed as the means ± SD (three replicates) F1H -full water extract from herb F2H -protein fraction of extract from herb F3H -non-protein fraction of extract from herb F1S -full water extract from seedlings F2S -protein fraction of extract from seedlings F3S -non-protein fractions of extract from seedlings Stancic-Rotaru et al. [25] showed that the concentration of flavonoids was the highest in the initial stage of flowering and it was shown concentration of flavonoids in the range of 7.12 to 291.58 mg/g (calculated as rutin) in all phenological phases [26] . Kaempherol, quercetol, rutoside were identified in 70% ethanolic extract from mature aerial parts of Ch. majus [27] .
Moreover in our study, the extracts contained different concentration alkaloids (F3H > F1H > F2H > F1S > F2S) (tab. 1). Statistical analysis of total alkaloid content (ANOVA F(4,10) Previous HPLC analysis of isoquinoline alkaloids in alcoholic extracts from aerial parts of mature Ch. majus [28] showed lower levels of alkaloids in comparison with our results (tab. 1). Kursinszki et al. [28] calculated alkaloid content in extracts from the plant using solvents containing different concentrations of ethanol (40, 70, 90% v/v). The highest concentrations of alkaloids (90% ethanol) were as follows: chelidonine (28 mg/100 g), coptisine (354 mg/100 g), sanguinarine (22 mg/100 g), berberine (11 mg/100 g). In our full water extract (F1H), level of chelidonine was 3.92 times higher, similarly as coptisine (1.77 times) and berberine (2.11 times). In our study, sanguinarine and protopine were not detected.
Antioxidant activity
The antioxidant activities of extracts were tested for: DPPH radical scavenging (2,2-diphenyl-1-picrylhydrazyl); inhibition of free radical ABTS (2,2'-azino-bis 3 ethylbenzo-thiazoline-6-sulfonic acid); and capacity to reduce metal iron (ferric reducing antioxidant power, FRAP). ANOVA analysis revealed significant differences in the antioxidant activity of various concentrations of the CM extracts using the DPPH radical model (F(4,10)=1657.1; p=0.000 for F1S; F(4,10)=95.6, p=0.000 for F2S, F(4,10)=789.8, p=0.000 for F3S and F(4,10)=10575, p=0.000 for F1H, F(4,10)=7260.9, p=0.000 for F2H, F(4,10)=4341.6, p=0.000 for F3H) (tab. 2). The DPPH radical scavenging capacity of the extracts was found to increase in a dose-dependent manner. All extracts from herb of CM showed higher activity in ABTS radical scavenging method is one of the most extensively used antioxidant assays in plant extracts. It is applicable to both hydrophilic and lipophilic compounds in plant extracts [29] . Statistical analysis (ANOVA) revealed significant differences in the antioxidant activity of various concentrations of the CM extracts using the ABTS radical model (F(4,10)=265.0; p=0.000 for F1S; F(4,10)=211.1, p=0.000 for F2S, F(4,10)=1054.8, p=0.000 for F3S and F(4,10)=1564.9, p=0.000 for F1H, F(4,10)=1810.3, p=0.000 for F2H, F(4,10)=3112.3, p=0.000 for F3H) (tab. 3). The ABTS radical scavenging capacity of the extracts was found to increase in a dose-dependent manner. It was shown that all extracts from herb of CM showed higher activity in scavenging the ABTS radical (F3H > F2H) in comparison with extracts from seedlings (F3S > F2S) for all tested concentrations (tab. 3). Detailed Tukey's post-hoc analysis showed that the F3H demonstrated a higher antioxidant activity and this effect was significant different to that of the F1H (ranging from 0.03 to 0.052 mg/0.1 ml, p<0.05). Moreover, the extract from seedlings (F3S) showed a higher activity than that of F2S (tab. Data are expressed as the means ± SEM (three replicates) * statistically significant difference vs. F1S (control for F2S and F3S) Statistical analysis of results (ANOVA) showed significant differences in the antioxidant activity of various concentrations of the CM extracts using the FRAP model (F(4,10)=560.8; p=0.000 for F1S; F(4,10)=1531.1, p=0.000 for F2S, F(4,10)=1453.8, p=0.000 for F3S and F(4,10)=15203.7, p=0.000 for F1H, F(4,10)=25063.3, p=0.000 for F2H, F(4,10)=18084.8, p=0.000 for F3H) (tab. 4). The antioxidant properties of the extracts was found to increase in The analysis of our results clearly indicates that the scavenging capacity of the extracts, measured with all three methods (DPPH and ABTS radical scavenging capacities and a FRAP model), was found to increase in a dose-dependent manner. When measured by DPPH and FRAP method F1H demonstrated a higher antioxidant activity than F2H and F3H (p<0.05). Even more, in a FRAP assay the antioxidative activity was presented in the following way F1H > F3H > F2H > F3S > F1S = F2S (p<0.05). In ABTS assay such activity was higher in the case of F3H > F2H vs. extracts from seedlings (F3S > F2S) for all concentrations.
The our study is part of a trend of studies on the antioxidative properties of Ch. majus extracts or their fractions which suggest that a such antioxidant capacity may depend on flavonoid and/or total alkaloid contents [30] [31] [32] [33] . The analysis of the current state of knowledge in the area of determination of the antioxidative potential of Ch. majus extract suggests that the most commonly used method of assessing the antioxidative capability was the DPPH method [26, [31] [32] [33] , less frequently a FRAP method was used [30, 31] . Moreover, the different solvent were performed and the most frequently alcoholic (methanolic, ethanolic) or aqueous extracts were analyzed. Also, acetone, ethyl acetate and petroleum ether Ch. majus extracts were analyzed in this field [26] .
Then et al. [30] showed that the antioxidant activity (measured in a FRAP assay) of the alcoholic extracts (20 and 40%) of the Ch. majus herb may not be dependent on the alkaloid content during the vegetation period. Although the observed antioxidant activities of analyzed extracts increased dose-dependently (for the 20% (% alkaloid content: 0.172±0.008) and 40% (% alkaloid content: 0.380±0.009) alcoholic extracts antioxidant activities were 90.6±9.4 µM/l (=2.27±0.235 mg/0.1 ml) and 91.4±15.2 µM/l (=2.29±0.38 mg/0.1 ml), respectively), results from the FRAP assay for the herb material during the III, IV and VI month of vegetation period did not show a straight correlation [30] . These values are similar to values obtained in our analysis for the F1S and F2S fractions at the DPPH in the concentration of 0.05 mg/0.1 ml (tab. 2).
In other study Dragana Jakovljević et al. [26] showed the highest total flavonoid concentration in acetone and ethyl acetate extracts. In acetone extract a such content spanned between 135.37±1.47 RU/g in flowering stage to 291.58±1.11 RU/g in initial flowering stage, while in ethyl acetate extract the total flavonoid quantity was as follows: 190.60±1.74 -248.23±0.97 RU/g for stage of rosette and initial flowering stage, respectively. The highest DPPH radical neutralizing abilities were obtained for the methanol extract of the plant during the rosette stage, which at a concentration of 50.72 mg/ml (=5.072 g/100 ml) neutralizes 50% of free radicals. Approximate activity was manifested in methanol extract of the stage before flowering (IC 50 value was 68.05 mg/ml (=6.805 g/100 ml). Our results values from DPPH radical scavenging capacities seems to be a bit more higher, especially in the case of F1H and F3H fractions.
SuMMARy
In our study, three methods (FRAP assay, DPPH and ABTS radical scavenging assay) to determine the antioxidant capacity of various extracts from herb and seedlings of Chelidonium majus were employed. According to the results presented in this study, it seems that extracts from herb at all concentrations exhibited higher antioxidant capacities than extracts from the young seedlings. In two antioxidant tests (DPPH, FRAP) it was observed that full water extract from herb (F1H) exerted the highest antioxidant activity, but non protein fraction (F3H) and protein fraction (F2H) showed lower antioxidant activity (respectively). Moreover, in all tests a non-protein fraction from water extract from herb (F3H) was the most active, while the full water extract (F1S) and protein fraction (F2S) had less antioxidant activity. According to our best knowledge results presented in this manuscript concern the most complex evaluation of antioxidative potential of particular fractions of Ch. majus published so far, not only of the herb, but also seedling. Even more, the amount of some alkaloids, possibly responsible for observed effects, were also determined for the first time in above mentioned fractions. The free radicals scavenging methodology was the most extensive.
Analysis of these results in regard to the previously cited ones, according to our point of view, allows to assume that at least in part, for the observed changes in antioxidant activity liable fractions of alkaloids, particularly of chelidonine and coptisine could be responsible, especially those presented in the greatest concentration in fraction F1H. The participation of other alkaloids in these activities should also be taken into consideration. It cannot be also excluded that the observed values of the variables studied between fractions from extracts of Ch. majus herb or seedlings may also be the result of specific interactions (interferences) with fraction of flavonoids and other chemical compounds, i.e. plant growth regulators in young seedlings. There is a need to conduct further research in this matter in order to verify our assumptions.
